A number of bidenate and tridentate ligands were synthesized from chiral mono sulfonamides, which were derived from cyclohexane-1,2-diamine. These ligands were tested with Ru(II) and Rh(I) for catalytic activity in the transfer hydrogenation reaction of ketone.
Introduction
Asymmetric reduction of ketones by transfer hydrogenation from isopropanol or using hydrogen gas is a useful technique, whereby a chiral center is introduced into the molecule in a single step. [1] [2] [3] [4] [5] [6] Of these two techniques transfer hydrogenation has attracted much attention due to its simplicity of operation compared to the use of gaseous hydrogen reduction, which requires special apparatus and is usually carried out under high pressures. 20 and Sm. 21 Recently we reported the use of chiral [NNP] ligands derived from cyclohexane-1,2-diamine in the enantioselective reduction of ketones. 22 These phosphorous containing ligands gave high enantioselectivities (80-99%) and low yields (20%) in the hydrogen transfer reduction of ketone. Continuing on the same lines, our objective was to synthesize new chiral ligands maintaining the cyclohexane 1,2-diamine as a backbone and test them in the transfer hydrogenation of ketone with metals such as Ru(II) and Rh (I) . 
Scheme 1
These ligands were then screened for catalytic activity in the asymmetric hydrogen transfer reaction with Ru(II), Rh(I) complexes (Table 1) . Ligands 2b-l when used with [RuCl 2 (η 6 -C 6 H 6 )] 2
and isopropanol gave the secondary alcohol with enantioselectivities from moderate to high (47-91% ee), but in low yields (20-30%) as shown in Table 1 . A previous literature report has indicated that tridentate monourea substituted diamine ligands gave high enantioselectivities in the transfer hydrogenation reduction. 24 Based on this we attempted the reduction of ketone with urea ligands derived from the monosulfonamides 3a-e (Scheme 1), which resulted in low yields (20-30%) and low to moderate enantioselectivities (12-79%), when used with [RuCl 2 (η 6 -C 6 H 6 )] 2. The low yields in these reactions suggest, either steric crowding around the metal center in the transition state, or more likely the tridentate ligands with additional heteroatom on these substituents binds to ruthenium leading to a catalytically inactive species (Figure 1 ). Ligands 4, 5 with ortho diphenylphosphine substituent reported previously (Scheme 2), 22 . This is in keeping with Lemaire's observation, where the ligand displaces only one of the COD ligands, and since the chiral center is far from the metal, it is unable to induce enantioselectivity in the formation of the alcohol. 25 Ligands 6, 7 reported previously gave similar results, a racemic mixture in 80-90% yield, suggesting that the ligands must be binding to rhodium in a bidentate fashion (Scheme 2). 22 and monourea derivatives 25 were prepared by previously reported methods. 
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General method for reduction of acetophenone
A mixture of [RuCl 2 (η 6 -C 6 H 6 )] 2 (0.015 mmol) and the chiral ligand (0.03 mmol) was placed in freshly distilled propan-2-ol (5mL). The solution was stirred at 80°C for 20 min. After being cooled to room temperature, additional propan-2-ol (10 mL) was added followed by the addition of KOH (1.5 mL, 0.1M in propan-2-ol) followed by acetophenone (1.5 mmol) in propan-2-ol. The mixture was stirred at room temperature for 20 h. The final mixture was concentrated under reduced pressure and the product purified by flash chromatography (silica gel-CH 2 Cl 2 /MeOH 9:1). The solvent was removed under reduced pressure to give an oily residue. The residue containing the alcohol was derivatized using acetic anhydride (0.5 mL). Enantiomeric excesses were determined by GC using a Hewlett-Packard 5890 chromatograph with a chiral β-DEX 
Conclusions
We have synthesized a number of bidentate and tridentate ligands derived from chiral cyclohexane monosulfonamide. These ligands were found to assist the transfer hydrogenation of ketone in moderate to good enantioselectivities, but in poor yields. The low yields are probably due to steric crowding at the metal center, or due to the formation of a catalytically inactive species through heteroatom-ruthenium interaction. Further modification of the chiral diamine and its application in the transfer hydrogenation of ketone is under investigation.
